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Abstract 101 
 102 
A robust understanding of Antarctic Ice Sheet deglacial history since the Last Glacial Maximum is 103 
important in order to constrain ice sheet and glacial-isostatic adjustment models, and to explore 104 
the forcing mechanisms responsible for ice sheet retreat. Such understanding can be derived from 105 
a broad range of geological and glaciological datasets and recent decades have seen an upsurge in 106 
such data gathering around the continent and Sub-Antarctic islands. Here, we report a new 107 
synthesis of those datasets, based on an accompanying series of reviews of the geological data, 108 
organised by sector. We present a series of timeslice maps for 20 ka, 15ka, 10 ka and 5ka, 109 
including grounding line position and ice sheet thickness changes, along with a clear assessment of 110 
levels of confidence. The reconstruction shows that the Antarctic Ice sheet did not everywhere 111 
reach the continental shelf edge at its maximum, that initial retreat was asynchronous, and that 112 
the spatial pattern of deglaciation was highly variable, particularly on the inner shelf. The deglacial 113 
reconstruction is consistent with a moderate overall excess ice volume and with a relatively small 114 
Antarctic contribution to meltwater pulse 1a. We discuss key areas of uncertainty both around the 115 
continent and by time interval, and we highlight potential priorities for future work. The synthesis 116 
is intended to be a resource for the modelling and glacial geological community. 117 
  118 
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Aim and rationale 119 
This paper provides an overview of, and introduction to, a community-based reconstruction of the 120 
deglaciation of the Anatrctic Ice Sheet. Reconstructing the Antarctic Ice Sheet through its most 121 
recent (post-Last Glacial Maximum; LGM) deglacial history is important for a number of reasons 122 
(Bentley, 2010). Firstly, ice sheet modellers require field data against which to constrain and test 123 
their models of ice sheet change. The development of a practical approach to modelling grounding 124 
line dynamics (Schoof, 2007) has led to a new generation of models (e.g. Pollard and DeConto, 2009; 125 
Pattyn et al., 2012) that require such field constraints. Secondly, the most recent millennia of 126 
Antarctic Ice Sheet history are important for evaluating the response of the ice sheet to various 127 
forcing agents (e.g. sea-level rise, atmospheric and oceanographic temperature influences) and 128 
constraining past rates of grounding-line retreat. Thirdly, the use of recent satellite gravity 129 
measurements (e.g. GRACE), and other geodetic data such as GPS, for estimating ice-sheet mass 130 
balance requires an understanding of Glacial-Isostatic Adjustment (GIA). In the case of GRACE, the 131 
satellite-pair cannot distinguish between changes in mass from ice, and those from transfer of mass 132 
in the mantle. This means that robust ice-sheet reconstructions are required to generate GIA 133 
corrections and it is these corrections that are regarded as the greatest limiting factors for 134 
gravimetric estimates of ice-sheet mass balance (Chen et al., 2006; Velicogna and Wahr, 2013). 135 
There have been notable attempts to develop models of ice-sheet extent and thickness as a basis of 136 
GIA corrections (Ivins and James, 2005; Whitehouse et al., 2012a; Ivins et al., 2013) but it is not clear 137 
if these are comprehensive in their inclusion of all available marine and terrestrial glacial geological 138 
data. In addition, ice-sheet reconstructions are also important for constraining the location of 139 
biological refugia during glaciation (Convey et al., 2008) and understanding climatic and 140 
oceanographic change during the glacial-interglacial transition.  141 
 142 
Several decades of work have produced a large body of geological data constraining Antarctic Ice 143 
Sheet history. There have been a number of attempts to synthesise the data but many of these 144 
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reconstructions have focussed only on LGM ice-sheet extent (Denton and Hughes, 1981; Bentley, 145 
1999; Anderson, 1999; Anderson et al., 2002; Denton and Hughes, 2002; Wright et al., 2008; 146 
Livingstone et al., 2012) and in some places they have been superseded by new datasets. 147 
Importantly, the period between the LGM and present has not seen similar attention. Moreover, 148 
significant progress has been made in developing and refining the methods used to acquire and 149 
analyse data needed for terrestrial and marine records of past ice-sheet thickness and extent (e.g. 150 
mapping of subglacial bedforms on the continental shelf using multibeam-swath bathymetry). Many 151 
of these new datasets that have been acquired have yet to be incorporated into continent-wide 152 
reconstructions of the ice sheet.  153 
  154 
The glacial geological literature is widely dispersed across journals and reports (‘grey’ literature), 155 
covers a broad range of techniques, is presented in many different formats, and is subject to various 156 
uncertainties (especially dating) that may be subtle, and have changed over time as techniques and 157 
understanding have developed. Understandably, therefore, it can be difficult for modellers to 158 
penetrate and use this literature to constrain and test their models.  159 
 160 
This volume contains results from a co-ordinated effort by the Antarctic glacial geology community 161 
to develop a synthesis of Antarctic ice-sheet history and to create a series of ice-sheet 162 
reconstructions that can be used by ice sheet and GIA modellers. It should also foster further 163 
research and debate within the geological community on the progress made in understanding 164 
Antarctic Ice Sheet history. Other ice sheet communities have already completed such syntheses, 165 
including the Laurentide (Dyke et al., 2002), the Fennoscandian (Gyllencreutz et al., 2007), and the 166 
British-Irish (Clark et al., 2012) ice sheets.  167 
 168 
The RAISED consortium comprises a wide community of glacial and marine geologists and others 169 
working on ice sheet history. Collectively we have assembled a group of experts able to develop and 170 
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document a series of reconstructions for each of the sectors around Antarctica, and drawn these 171 
together into a synthesis that we believe is comprehensive, provides realistic assessment of 172 
uncertainty and is broadly representative of the views of the whole community, and which can be 173 
used by modellers.  174 
 175 
The detailed reviews are divided into six sectors: East Antarctica (Mackintosh et al., this volume), 176 
Ross Sea (Anderson et al; this volume), Amundsen-Bellingshausen Sea (Larter et al., this volume), 177 
Antarctic Peninsula (Ó Cofaigh et al., this volume), Weddell Sea (Hillenbrand et al., this volume) and 178 
sub-Antarctic Islands (Hodgson et al., this volume). The approximate sector boundaries are shown in 179 
Figure 1. The divisions are based broadly on glaciological and topographic grounds. Most sectors are 180 
named by coastal sector because much of the data comes from the continental shelf or coastal 181 
nunataks, but sectors also extend inland to encompass relevant ice-core data, where available. The 182 
sector division we have used is also fairly compatible with earlier divisions of the continent by 183 
modellers, glaciologists, and field studies and so should facilitate broad comparison.  184 
 185 
This overview paper summarises these sector-by-sector reviews and presents an Antarctic-wide 186 
reconstruction of deglaciation since the LGM. We also discuss the common themes that emerge, and 187 
identify key areas for further work. We emphasise that anyone wishing to utilise any part of the 188 
reconstruction is strongly advised to read the relevant sector papers, which include much more 189 
detail including extended discussions of where and why there are key uncertainties.  190 
 191 
Approach and Methods 192 
 193 
For all sectors we have attempted, where possible, to provide reconstructions of the ice sheet (with 194 
clear identification of the range of uncertainty) for a series of timeslices, namely 20ka, 15ka, 10ka, 195 
and 5ka. In some sectors the available data are not sufficient to allow this classification: these are 196 
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discussed further below. In a few sectors data availability was sufficient to allow a further timeslice 197 
of 25ka: these are discussed in the relevant papers. The timeslices were chosen to strike a balance 198 
between the reality of available data, and providing sufficient closely-spaced reconstructions for 199 
them to be useful to modellers, as well as to provide reconstructions of time periods other than the 200 
maximum. A spacing of 5ka was chosen to provide a reasonable compromise between data 201 
availability and the needs of modellers. The use of dated timeslices also has the advantage of 202 
avoiding terms like ‘the LGM’, which has been used rather variably both to refer to local ice-sheet 203 
maxima, and as a global chronostratigraphic term to refer to the period c. 26.5-19 ka BP (see Clark et 204 
al., 2009 for discussion). This has led to some confusion in ice-sheet syntheses. Whilst the 20ka 205 
timeslice can be a useful rough proxy for the global LGM, it is clear from Anderson et al., (2002) and 206 
this volume that the Antarctic Ice Sheets did not reach a synchronous maximum extent, and that 207 
Local Last Glacial Maximum (LLGM; (Clark et al., 2009)) positions differ widely in timing.  208 
 209 
Each paper in this volume synthesises the available marine and terrestrial glacial geological datasets 210 
to determine the position of the ice-sheet grounding-line, the ice-sheet upper surface, and in some 211 
cases flow-directional features for that particular sector and timeslice. We have made considerable 212 
efforts to be clear about uncertainty in the position and  timing of retreat of the grounding-line and, 213 
as such, it is intended to demonstrate where there are robust constraints for models as opposed to 214 
geographic areas or time intervals where the position of the grounding-line or ice-sheet surface is 215 
less certain. There are a number of challenges associated with dating the geological evidence of 216 
deglaciation around Antarctica: offshore this includes the marine-reservoir effect, and reworking of 217 
old carbon, and onshore the reworking of previously exposed erratics presents problems for 218 
cosmogenic dating. These uncertainties are assessed in full in each of the sector papers.  The use of 219 
timeslices also allows future development of more closely-spaced reconstructions, as available 220 
datasets expand to address specific debates. In cases where there are time intervals that are 221 
unusually data-rich it will be possible to develop new timeslice reconstructions. This may be 222 
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particularly appropriate for intervals during the immediate post-maximum deglaciation where there 223 
is often much more marine geological data available.  224 
 225 
Availability of data 226 
Each of the sector reviews provides substantial datasets identifying critical chronological data that 227 
have been used to constrain the reconstructions – these are available online as supplementary 228 
datasets. We also include here, as a supplementary dataset, the Antarctic-wide timeslice 229 
reconstructions of grounding-line and ice-sheet surface (Supplementary Information). We emphasise 230 
that any use of the data should rest on careful reading, and citation, of the appropriate individual 231 
sector paper(s): these are where critical issues of dating uncertainties and calibration, alternative 232 
models and other issues are discussed in detail.  233 
 234 
Reconstructions 235 
We show the combined reconstructions for each timeslice in Figure 2. Around the West Antarctic 236 
margin and those parts of the East Antarctic Ice Sheet (EAIS) that flow into the Ross Sea and Weddell 237 
Sea the available data allow timeslice reconstructions of 20 ka, 15 ka, 10 ka, and 5 ka (Fig 2a-d). Note 238 
that, due to a lack of constraining data around much of the East Antarctic margin and in particular a 239 
lack of dating control, we are unable yet to attempt a full time-slice reconstruction of the 240 
deglaciation of the largest part of the EAIS (Mackintosh et al, this volume). However, this does not 241 
mean that no constraints are possible. Accordingly,  we include the EAIS in the 20 ka timeslice (Fig. 242 
2a) with ice sheet thickness changes in this sector from Mackintosh et al. (this volume), and a 243 
grounding line position based on Livingstone et al. (2012), but modified to be fully consistent with 244 
grounding-line features described by Mackintosh et al. (this volume) in Prydz Bay and George V 245 
Shelf.  Moreover, Mackintosh et al. (this volume) discuss the data in great detail region-by-region 246 
around the East Antarctic margin, including areas such as Mac.Robertson Land and adjacent to the 247 
Lambert/Amery system where robust constraints do exist. For the sub-Antarctic islands there are 248 
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data available for maximum configurations of the ice masses over some islands, but there are few 249 
data for subsequent periods and so we are not yet in a position to provide timeslice reconstructions 250 
for deglacial configurations (see Hodgson et al., (this volume) for full discussion).  251 
 252 
20 ka timeslice  253 
Around much of Antarctica the grounding line was close to the continental shelf break at 20ka. 254 
However, there are important exceptions in the Ross Sea, Prydz Bay, and Weddell Sea regions. 255 
Moreover, in some areas the maximum extent was reached prior to 20 ka and retreat had begun by 256 
this time (e.g. Hillenbrand et al., this volume).  257 
 258 
There is an ongoing debate about the extent of ice in the Weddell Sea at the LGM, and the post-LGM 259 
retreat history (Hillenbrand et al., this volume). In broad terms, the available marine geological data 260 
in the Weddell Sea have been interpreted as showing extensive ice on the continental shelf at 20 ka. 261 
However, data are sparse in the southern Weddell Sea where the confluence of ice flowing from the 262 
East Antarctic and West Antarctic ice sheets occurred. In this region, the retreat history of the EAIS is 263 
still open to debate and the retreat history of the West Antarctic Ice Sheet (WAIS) is virtually 264 
unconstrained by reliable radiocarbon dates (Hillenbrand et al., 2012; Stolldorf et al., 2012). 265 
Terrestrial glacial-geological data show very little change in elevation of the EAIS (e.g. Hein et al., 266 
2011) and by use of ice sheet models the terrestrial data have been used to infer much less 267 
extensive grounded ice on the shelf than in the Hillenbrand et al., (2012) reconstruction (e.g. 268 
(Bentley et al., 2010)). The two scenarios imply very different spatial extent of the ice sheet in the 269 
Weddell Sea embayment and this is reflected in Fig 2 by the use of a alternative, more extensive 270 
grounding line (Scenario B) in the Weddell Sea. So in this region the selection of a particular limit 271 
depends on the interpretation of the available data. Hillenbrand et al (this volume) discuss both 272 
scenarios in detail and following Hillenbrand et al. (2012) and Larter et al. (2012), suggest that one 273 
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potential way to reconcile these conflicting reconstructions would be for thin, low-gradient, lightly-274 
grounded ice sheets to have extended across the outer shelf.  275 
 276 
In the Antarctic Peninsula sector the ice sheet was grounded to the outer shelf/shelf edge at the 277 
LGM until ~20 ka BP (O’Cofaigh et al., this volume). Based on the distribution of glacial landforms 278 
and subglacial sediments palaeo-drainage of the ice sheet across the inner and middle shelf was 279 
partitioned into a series of ice streams flowing in cross-shelf bathymetric troughs.  280 
 281 
In the Belgica Trough, Bellingshausen Sea the grounding line was deeply embayed and ice-sheet 282 
retreat had begun already (Larter et al., this volume). In the Amundsen Sea Embayment, 283 
geomorphological features and a small number of radiocarbon dates from the outer shelf indicate 284 
that the grounding line extended to, or close to, the shelf edge. However, data constraining the 285 
earliest stages of grounding-line retreat are sparse. Foraminifera-bearing layers of LGM age in one 286 
core near the shelf edge suggest that either retreat started before 20 ka or the grounding line 287 
position fluctuated across the outer shelf at around this time. 288 
 289 
Anderson et al. (this volume) demonstrate that over half of the ice that was grounded in the Ross 290 
Sea came from East Antarctica. In eastern Ross Sea, subglacial geomorphological features extend to 291 
the shelf margin, indicating that the WAIS extended across the continental shelf during the last ice-292 
sheet expansion. However, the precise timing of this expansion remains unresolved and we are 293 
unable to constrain the limit at 20 ka. Marine radiocarbon ages, mainly acid insoluble organic (AIO) 294 
ages, indicate that the ice sheet probably retreated from the shelf prior to the LGM.  Terrestrial and 295 
glaciological data from the margins of the Ross Sea embayment indicate that the ice sheet retreated 296 
during the Holocene. Ongoing research is focused on obtaining compound specific radiocarbon ages 297 
aimed at resolving this controversy.  298 
 299 
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Although large tracts of East Antarctica have not been studied in detail, Mackintosh et al. (this 300 
volume) show that the ice sheet in Mac.Robertson Land reached close to the continental-shelf 301 
margin at this time. In contrast, in Prydz Bay the Lambert/Amery glacier did not extend beyond the 302 
inner continental shelf. Onshore, evidence from nunataks in the Prince Charles and Framnes 303 
Mountains indicate that the ice sheet thickened by hundreds of metres near the current coast or 304 
grounding lines. On the other hand, preservation of sediments from Marine Isotope Stage 3 or 305 
earlier indicates that many low-lying coastal oases remained ice-free during this period. Similarly, in 306 
Dronning Maud Land, a limited amount of evidence from nunataks suggests that modest or no 307 
thickening of the ice sheet occurred at this time. In the ice-sheet interior, ice-core evidence and ice-308 
sheet models indicate that it is probable that the central domes of the ice sheet were around 100 m 309 
lower than present. Note that there are very few direct ages on glacial features from ~20 ka in East 310 
Antarctica and inferences of the position and thickness of the former ice sheet are largely based on 311 
relatively loose minimum or maximum age constraints.  312 
 313 
There is evidence on Sub-Antarctic Heard Island, Bouvet Island, Marion Island, Prince Edward Island 314 
and Crozet Island, and maritime Antarctic South Orkney Islands and Elephant Island for glaciations 315 
extending well onto their continental shelves. However a lack of age constraints from marine 316 
sediment cores means these cannot be unequivocally dated to the LGM or to the 20 ka timeslice. 317 
 318 
15 ka timeslice  319 
In the Antarctic Peninsula, initial retreat was underway by 18 cal kyr BP in the east and by 17.5 cal 320 
kyr BP in Bransfield Basin. Further south, however, along the western Peninsula margin, the timing 321 
of initial pull-back from the outer shelf decreased progressively. Retreat of individual ice streams 322 
appears to have been asynchronous with subglacial topography exerting a major control. In the 323 
western Weddell Sea, the interpretation underpinning the extensive scenario (B) suggests ice had 324 
withdrawn from the shelf edge, whereas in Scenario A the ice had retreated further onto the mid-325 
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shelf in the western Weddell Sea. The grounding line in the western Ross Sea was little changed from 326 
the 20 ka position.  327 
 328 
There is only one site in East Antarctica (north of Loewe Massif in the Prince Charles Mountains) 329 
where there is clear evidence of ice retreat on the continental shelf prior to 15 ka. At all other sites 330 
where direct constraints are available, it appears that the East Antarctic Ice Sheet remained close to 331 
its maximum position on the shelf at this time. However, exposure of some terrestrial sites 332 
(Mackintosh et al., this volume) suggests a thinned ice sheet in places, particularly along the present-333 
day coast.  334 
 335 
In the Belgica Trough, Bellingshausen Sea the retreat of an embayed grounding line continued. 336 
Similar embayments into outer-shelf troughs probably developed in the eastern Amundsen Sea area, 337 
but the only age constraints available from an inter-stream ridge in the area suggest retreat there 338 
must have followed shortly after retreat in the adjacent troughs. In the western part of the 339 
Amundsen Sea, the grounding line had already retreated across most of the narrow shelf by 15 ka. 340 
 341 
The onset of peat formation and lake sedimentation shows that terrestrial deglaciation was 342 
occurring at least at one site on Sub-Antarctic South Georgia, Kerguelen, Auckland and Marion Island 343 
(though the latter is extrapolated) and at three sites on Campbell Island. 344 
 345 
10 ka timeslice 346 
Along the western and eastern margin of the Antarctic Peninsula, the ice sheet underwent 347 
significant recession between 15 and10 cal kyr BP and had retreated towards its present 348 
configuration by the mid-Holocene. In the east, it may have approached its present configuration by 349 
10ka.  350 
 351 
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In the Weddell Sea the grounding line was either at the northern tip of Berkner Island (Scenario B) or 352 
close to the inner ice rises of the southwestern Weddell Sea, and close to present in the 353 
southeastern Weddell Sea (Scenario A).  354 
 355 
In the Ross Sea, retreat of the East Antarctic Ice Sheet from the western continental shelf occurred 356 
mainly after 13 cal yr BP and was most rapid during the Holocene. At 10 ka retreat of the West 357 
Antarctic Ice Sheet in both the eastern Ross Sea and the western Weddell Sea was well underway.  358 
 359 
Marine and onshore evidence indicate substantial ice sheet thinning and lateral retreat of the East 360 
Antarctic Ice Sheet had started prior to this timeslice and continued during and after. The marine 361 
margin of the East Antarctic Ice Sheet in Wilkes Land had retreated to within 35 km of its present 362 
grounding position. Ice retreat had also begun by this time in the Windmill Islands adjacent to Law 363 
Dome, in Prydz Bay, and on the continental shelf in Mac.Robertson Land and Lützow-Holm Bay. 364 
Terrestrial evidence from the Prince Charles and Framnes Mountains indicates that substantial 365 
thinning had already occurred by this time.  366 
 367 
In those Sub-Antarctic Islands that were glaciated the majority show extensive accumulation of 368 
terrestrial deposits by 10 ka including South Georgia, Marion Island, Crozet, Kerguelen, and Auckland 369 
Island. One moraine has also been dated onshore by 10Be at South Georgia delineating a still stand in 370 
ice retreat (or a minor advance), and at Signy Island marine sediment cores from the adjacent shelf 371 
show the onset of post glacial marine sediments in this time slice. 372 
 373 
In the Amundsen Sea Embayment, there was rapid grounding-line retreat from the middle and inner 374 
shelf after about 13 ka, so that the ice margin right across the Amundsen Sea was close to its 375 
modern limits by 10 ka. 376 
 377 
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5ka timeslice 378 
Around all of Antarctica the ice-sheet grounding-line was on the innermost shelf by 5 ka, and in 379 
many regions was at or close to its present position. Notably the Ross Sea, and Weddell Sea 380 
(Scenario B) reconstructions still show grounding lines a significant distance outboard of their 381 
present locations. In the Framnes Mountains and at Lützow Holm Bay in East Antarctica, dated 382 
erratic boulders indicate that the ice-sheet profile had reached very close to its present 383 
configuration by this time, and that substantial thinning had occurred between the 10 and 5 ka 384 
timeslices. In the maritime and sub-Antarctic most currently ice-free terrestrial areas were exposed 385 
by 5ka with some areas showing evidence of subsequent Holocene ice-front fluctuations.  386 
 387 
Conclusions from the overview of sector reviews 388 
A number of common themes emerge from the reconstruction and the constituent papers of this 389 
volume, and we highlight five of these here. Firstly, the Antarctic Ice sheet did not everywhere reach 390 
the continental shelf edge at 20 ka, or the grounding line had already retreated from the shelf edge 391 
by this time (Fig 2a). This includes the western Ross Sea and Prydz Bay, and possibly the Amundsen 392 
Sea and eastern Weddell Sea. 393 
 394 
Secondly, it is clear that the local LGM (cf. Clark et al., 2009) and retreat from it were not 395 
synchronous around the Antarctic margin. Specific examples include ’early’ retreat of the ice sheet 396 
margin in the Bellingshausen Sea and parts of the western Amundsen Sea compared to ‘late’ retreat 397 
of the western Ross Sea and parts of the Antarctic Peninsula. Moreover, parts of the East Antarctic 398 
margin show a very different timing of retreat, with the onset of retreat in some areas occurring by 399 
~18 ka and being near-complete by ~12ka, but with retreat in other areas only beginning at ~12ka 400 
(Mackintosh et al., this volume). This point has been emphasised before (Anderson et al., 2002; 401 
Livingstone et al., 2012) and shows that we should be cautious in interpreting synchronous 402 
behaviour of the circum-Antarctic ice margin (Weber et al., 2011). The apparent diachroneity in 403 
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grounded ice-sheet advance and retreat also opens up the possibility that marine benthic fauna 404 
survived the last glacial period in-situ on the Antarctic shelf by moving from one continental shelf 405 
refuge to another (Thatje et al., 2005). 406 
 407 
Thirdly, we do not quantify the volume of the ice sheet here but we note that the extent and 408 
thickness data are consistent with those summarised in an increasing number of recent ice-model 409 
reconstructions using different ice models (Mackintosh et al., 2011; Whitehouse et al., 2012a; 410 
Golledge et al., 2012; Golledge et al., 2013). These models all concluded that the total Antarctic 411 
contribution to post-glacial sea level rise was probably <10m of equivalent eustatic sea level; smaller 412 
than previous model-based estimates. These more modest estimates of Antarctic ice sheet volume 413 
have implications for balancing the global LGM sea-level budget (see Andrews, 1992; Bentley, 1999 414 
for discussion), and for GIA correction of contemporary mass balance (King et al., 2012; Shepherd et 415 
al., 2012; Ivins et al., 2013).  416 
 417 
Fourthly, the contribution of the Antarctic ice sheet to Meltwater Pulse-1A (MWP-1A), an abrupt ~20 418 
m rise in global sea level 14.65-14.31 ka (Deschamps et al., 2012), has been debated. Interpretation 419 
and modelling of far-field sea level records suggests a significant or dominant Antarctic contribution 420 
(Clark et al., 2002; Weaver et al., 2003), whereas, in contrast, interpretation of Antarctic glacial 421 
geology from around the continent suggests only a very minor contribution (Licht, 2004; Bentley et 422 
al., 2010; Mackintosh et al., 2011). MWP-1A occurred between our timeslices for 15 ka and 10 ka. 423 
Inspection of the difference between those timeslices and close inspection of the limiting ages for 424 
deglaciation around the continent do not show a major change at the time of MWP-1A. Even after 425 
taking dating uncertainties into account this is consistent with only a minor contribution of 426 
Antarctica to this melwater pulse.  427 
 428 
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Fifthly, in some areas the spatial pattern of deglaciation of the shelf is highly variable. This is 429 
particularly the case during the Holocene when the ice sheet was grounded on the inner shelf. A 430 
number of factors might explain this diachronous retreat behaviour between individual troughs on 431 
the shelf including, perhaps most importantly, the effect of local topography/bathymetry on ice 432 
sheet dynamics and channelling of any inflow of relatively warm ocean water to the grounding line  433 
(Anderson et al., 2002; Heroy and Anderson, 2007; O'Cofaigh et al., 2008; Livingstone et al., 2012; 434 
Jamieson et al., 2012). Other factors include variability in the area, elevation and climate conditions 435 
of glacial drainage basins that contributed to the expanded ice sheets around the continent; spatial 436 
differences in isostatic depression and rebound; and potential for intrusion of warm deep water 437 
onto the continental shelf (Anderson et al., 2013).   438 
 439 
 440 
Recommendations for future work 441 
It is clear from the reconstructions that the level of knowledge of Antarctic Ice Sheet history is 442 
extremely variable in time and space. Each of the sector reviews identifies suggestions for future 443 
work and we highlight some of those here. With the exception of Mac.Robertson Land and the 444 
Lambert/Amery system where most work has been focussed, East Antarctica contains substantial 445 
regions where we still do not know the broad deglacial history, and these have prevented a full 446 
circum-Antarctic timeslice-based reconstruction. The acquisition of further terrestrial and marine 447 
data around the East Antarctic margin has to be a priority, and in particular we identify the need for 448 
robust geochronological information from onshore localities to constrain former East Antarctic Ice 449 
Sheet thickness (Mackintosh et al., this volume). In the Weddell Sea, obtaining targeted data to 450 
distinguish between the two alternative scenarios A and B would go a long way to helping resolve a 451 
significant debate about ice sheet extent in this region (Hillenbrand et al., this volume). 452 
 453 
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The glacial history of the sub-Antarctic islands is exceptionally poorly known – in many cases we do 454 
not even have a broad understanding of the maximum ice-sheet configuration at the LGM, let alone 455 
the subsequent deglacial history. Yet such islands can provide important information on sub-456 
Antarctic environmental change and can be a useful test bed for understanding the mechanisms of 457 
ice-sheet retreat in the later phases of deglaciation (Hodgson et al., this volume).  458 
In contrast to the Bellingshausen Sea, whose deglaciation history is poorly constrained because it is 459 
entirely based on AIO dates from marine cores, the amount of geological and geophysical data in the 460 
Amundsen Sea has multiplied rapidly in recent years. However, we still require further chronological 461 
control on the steps in retreat that are increasingly being identified in the geomorphological record 462 
of the region. This would aid efforts to better understand if the recent ice sheet change in this 463 
important area is exceptional (Larter et al., this volume). Although the ice-sheet retreat history of 464 
the Antarctic Peninsula sector, particularly along its western margin, is one of the best constrained in 465 
Antarctica, there remain major data gaps, most notably along the Weddell Sea margin. In line with 466 
several other sectors the constraints on the timing of ice-sheet retreat are poor, and even in 467 
comparatively well-studied areas of the Peninsula we still require further chronological control so as 468 
to assess the variability between different ice-stream catchments and retreat rate. 469 
Whilst the 20 ka timeslice is relatively well known, at least around West Antarctica, the constraints 470 
on ice-sheet configuration reduce rapidly through the deglacial period, and in several areas we know 471 
surprisingly little about the Holocene configuration of the ice sheet. Whilst deglacial reconstructions 472 
have been published for the Ross Sea (Conway et al., 1999), the eastern Ross Sea is still poorly 473 
constrained. We lack radiocarbon age constraints for ice-sheet retreat from the continental shelf 474 
and must rely heavily on terrestrial glacial-geological and glaciological data from the inner shelf. 475 
Understanding the Holocene is particularly important both for providing the context for recent ice-476 
sheet change (understanding if it is unusual or a part of Holocene variability), and because ongoing 477 
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GIA is particularly sensitive to the most recent changes in ice loading (Ivins et al., 2000; Whitehouse 478 
et al., 2012b; Nield et al., 2012).  479 
  480 
Acknowledgements 481 
Our thanks go to the many individuals who have studied Antarctic deglaciation and the people who 482 
have supported them in the field and at sea over the last several decades – our understanding of ice-483 
sheet behaviour and this volume would not exist without their dedicated hard work, often in 484 
demanding conditions. We also thank all of the national funding agencies who have supported the 485 
work described in this volume (MJB acknowledges NERC grant NE/F014260/1). We also thank the 486 
Editors of QSR for their helpful comments and editorial support and to Chris Clark and Mike 487 
Hambrey for reviews that helped improve the paper. Tim Horscroft was very helpful in keeping the 488 
various papers on schedule. The Scientific Committee on Antarctic Research (SCAR) research 489 
programme 2004-2011 ‘Antarctic Climate Evolution’ (ACE) provided funding for an initial discussion 490 
workshop for which we are grateful. This Special Volume forms an output of the SCAR programme 491 
‘Past Antarctic Ice Sheet Dynamics’ (PAIS).  492 
 493 
Figure captions 494 
 495 
Figure 1. Map of sector boundaries for the reconstructions presented in this volume. (a) Map of 496 
Antarctica. Blue shading indicates ice sheet elevation, ice shelves in white. Ice divides based on 497 
Zwally et al (2012). EAIS=East Antarctic Ice Sheet; WAIS=West Antarctic Ice Sheet; L-HB=Lützow-498 
Holm Bay; FM=Framnes Mountains; PCM=Prince Charles Mountains; LG=Lambert Glacier; 499 
AIS=Amery Ice Shelf; WI=Windmill Islands; LD=Law Dome; BT=Belgica Trough; BB=Bransfield Basin; 500 
BI=Berkner Island. (b) Map of sites (red dots) included in the review of sub-Antarctic islands 501 
(Hodgson et al., this volume).  502 
 503 
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Figure 2. Timeslice reconstructions for the Antarctic Ice Sheet. Bed topography from BEDMAP2 504 
(Fretwell et al., 2013). (a) 20ka; (b) 15ka; (c) 10ka; (d) 5ka. In all cases we show grounding line 505 
position and ice sheet thickness change (in metres relative to present elevation) or reconstructed ice 506 
sheet elevation (Ross Sea only). For grounding line positions the level of uncertainty is indicated by 507 
line style. For most of the sub-Antarctic islands, only information on maximum extent is known, and 508 
so we do not show the full timeslice reconstruction (see Hodgson et al., this volume). For the 20 ka 509 
timeslice there are portions of the East Antarctic sector and Ross Sea sector where we are unable to 510 
place a firm grounding line limit; in these areas we adopt the grounding line in Livingstone et al. 511 
(2012) but emphasise that the nature of the uncertainty in grounding line position in these areas are 512 
discussed in full in Mackintosh et al (this volume) and Anderson et al (this volume) . 513 
 514 
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